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History of WAVEWATCH IlI® Validation
Studies

WAVEWATCH IIl has gone through multiple validation
studies since its development (mid 1990s). Some of the
notable ones are mentioned here

Tolman, H. L., 1998b: Validation of a new global wave forecast

system at NCEP. In: Ocean Wave Measurements and
Analysis, B.L. Edge and J.M. Helmsley, Eds., ASCE, 777-786

Tolman, H. L., 2002e: Testing of WAVEWATCH Il version
2.22 in NCEP's NWW3 ocean wave model suite. NOAA / NWS
/ NCEP / OMB Technical Note Nr. 214, 99 pp.

Tolman, H. L., 2002b: Validation of WAVEWATCH Ill version
1.15 for a global domain. NOAA / NWS / NCEP / OMB

Technical Note Nr. 213, 33 pp.

® More validation plots for WAVEWATCH lll v 2.22 can be
found at

http://polar.ncep.noaa.gov/waves/validation.html

® Here we shall concentrate on validation studies for the
multi-grid version of WAVEWATCH Il (v 3.14)
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MODEL — DATA comparisons

® Modeling System

8 grid global system using the two-way coupled multi-
grid WAVEWATCH [lI'™ model

Model forced with GFS winds and sea ice derived from
daily passive microwave analysis

® Analysis

Version 1.1, Jan 2010

Analysis includes regular forecasts (4 cycles a data) and
a 5 year hindcast (2005-2009)

Collocated model — altimeter comparisons with Jason-1
satellite data

Comparison of bulk spectral parameters with a global
network of buoys

Speciral analysis (at select buoy locations) with IMEDS
(Interactive Model Evaluation and Diagnostics System)
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Error Metrics

Bias

Scatter Index

Root Mean Square error
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Using Altimeter data for validation

Advantages

Altimeters measure the significant wave height from
back scatter observations

Altimeter measurements are valuable because altimeter
tracks traverse the complete ocean domain

Satellite tracks are fast enough to provide a spatial map
of observations

® Disadvantages

It is not a direct measurement of the wave heights and
requires calibration

Altimeters can only provide estimates of the overall
significant wave height

Tracks do not repeat for several days
Signal can be noisy
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Calibrating altimeter data with buoys

Buoys used in the calibration
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Calibrating altimeter data with buoys

JASON 1 Satellite data
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Calibrating altimeter data with buoys

ENVISAT Satellite data
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Calibrating altimeter data with buoys

ast Delivery altimeter data vs Quality Controlled
altimeter data

Hs from FO[m]
YWind Speed from FO[m/s]
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Hs from QC[m] Wind Speed fram QC[mis)
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MODEL — ALTIMETER COMPARISONS

For model data comparisons
Model results are interpolated on to altimeter tracks

Collocation done for 9 periods (hindcast nowcast and 1
— 7 day forecast)

Collocated points on land are ignored
Collocated model files archived for later analysis
® Altimeter data is

De-spiked to remove erroneous spikes (also gets rid of
small islands that cannot be resolved by the models)

Remove outliers

Filter the data using a running average (optional)
® Error estimates developed using month long archives
® Error maps developed using 3 month archives
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Model Altimeter Comparisons

Example of building a collocated model — data
altimeter file from the different forecast cycles

= = = =

0z 6z 12z 18z 0z
(next day)

For building the “nowcast” collocated file we collect model
data from -3 hours to 3 hours from each cycle

For building the “24 hour” collocated file we follow the same
principle except collect data from 21 hours to 27 hours of

forecast from the previous day'’s forecast cycles

andsoon....
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Model Altimeter Comparisons é

Raw (blue) vs filtered (red) altimeter data
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Model Altimeter Comparisons

Scatter Index (global domain)
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Model Altimeter Comparisons

Bias (global domain)
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Model Altimeter Comparisons

Scatter Index map
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Model Altimeter Comparisons

Hlndcast Bias I\/Iaps

Jan — Mar, 2002 (old model) Jan — Mar, 2008 (old model)
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BUOY COMPARISONS

Buoy Data

-Global network of buoy data,
quality controlled and archived
at ECMWEF as part of inter-
agency model comparison
project.

Hourly buoy data averaged
over 4 hr interval, centered at
the 4 synoptic time cycles of
wave forecasts (0,6,12 and 18)

Latitude

OE 180
Longitude
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BUOY COMPARISONS (contd.)

ALASKA Buoys
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BUOY COMPARISONS (contd.)

Sl JS West Coast Buoys European Buoys
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BUOY COMPARISONS (contd.)
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BUOY COMPARISONS (contd.)

GFS wind speed statistics (over water)

Jan00 Jan02 Jan04 Jan06 Jan00 Jan02 Jan04 Jan06

Southern Hemisphere Northern Hemisphere
(60°S to 25°S) (25°N to 60°N)
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Interactive Model Evaluation and
Diagnostics System (IMEDS)

Methodology

A diagnostic analysis tool for wind wave models
developed by USACE (Hanson et al 2009)

® IMEDS provides additional information on model
skill by

Using a partitioning algorithm to separate
individual peaks in the spectrum of the data

Use partition boundaries to identify model and
data component attributes

Do error analysis over individual components

and develop error metrics and skill scores —
* IMEDS separates spectral peaks into 3 types — iy
wind waves, young and mature swells Somponont Atibutes Hﬁm
® Directional age criterion to separate wind waves T — —
from swells
® Frequency cut-off to separate young and mature
swells

4 c o
K Performance Scores )

\--.___________.-/--
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r - IMEDS (contd.)
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atlantic_2008 hindcast_multi ~ January 2008

WW3 Wave Height Scatter Plot ~ Station 41012
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atlantic_2008 hindcast_multi ~ January 2008

WW3 Wave Height Scatter Plot ~ Station 44014
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WW3 Wave Height Scatter Plot ~ Station 41012
atlantic_2008 hindcast_multi ~ June 2008
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WW3 Wave Height Scatter Plot ~ Station 44014
atlantic_2008 hindcast_multi ~ June 2008
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e, IMEDS (contd.)
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WW3 Wave Height (m)

WW3 Wave Height (m)

WW3 Wave Height Scatter Plot ~ Station 46002
NW_PAC_2008 hindcast_multi ~ January 2008
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WW3 Wave Height Scatter Plot ~ Station 46022
NW_PAC_2008 hindcast_muiti ~ January 2008
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WW3 Wave Height Scatter Plot ~ Station 46002
NW_PAC_2008 hindcast_multi ~ June 2008
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WW3 Wave Height Scatter Plot ~ Station 46002
NW_PAC_2008 hindcast_multi ~ December 2008
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WW3 Wave Height Scatter Plot ~ Station 46022
NW_PAC_2008 hindcast_muiti ~ December 2008

T 2

O WindSea
* Young Swell

A Mature Swell 1

46022 — Dec,2008

3 4 5 6 7 8
Observed Wave Height (m)

WW Workshop 1.3 27/31



:
£° Va
60N A
" 4608
° “46001
]
£55n &
® .
45075
Vad )
— 46086
o “—.
46072
49NF
i ;
-175E -170E -164E -150E -153
Longitude

Version 1.1, Jan 2010

Young Swell tature Swell Full Spectrum

Wind-Sea
bias (m)

bias (m) bias (m)

bias (m)

IMEDS (contd.)

Alaska buoys

TC Wave Height Error Summary Plots For alaska_2008 hindcast_multi
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W3 Wave Height Scatter Plot ~ Station 46001
alaska_2008 hindeast_muli ~ January 2008
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W3 Wave Height Scatter Plot ~ Station 46001
alaska_2008 hindcast_mult ~ June 2008
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VW3 Wave Height Scatter Plot ~ Station 46072
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CONCLUSIONS

A small but persistent positive bias (wave heights) in the
Southern Hemisphere.

Development of bias coincides with the GFS winds
becoming more energetic in this region

® Seasonal bias patterns in the Northern Hemisphere

Positive biases in the swell dominated eastern parts of
the basin

Negative biases in the wind wave dominated western
parts of the basin

® Bias patterns show room for improvement in the physics
packages in WAVEWATCH Il

® A new NOPP initiative currently underway to improve wave
physics
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The End

End of lecture 3.1
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